A pot experiment was performed to see the interactive potential of Glomus mosseae and Acaulospora laevis alone or in combination with Pseudomonas fluorescens on Ocimum basilicum L. under glass house conditions. Various morphological and physiological parameters were measured after 120 days. Although, all co-inoculation treatments showed beneficial effects but G. mosseae is found to be the most compatible strain found in the rhizosphere of basil plant. G. mosseae alone or in combination with other bioinoculants showed maximum increase in all the different parameters studied (plant height, fresh weight, dry weight, leaf number, inflorescence height, root and shoot phosphorus, acidic and alkaline phosphatase and oil content). The overall results demonstrate that the co-inoculation of P. fluorescens with AM fungi promotes higher mycorrhizal colonization enhancing nutrient acquisition especially phosphorus (P), producing plant growth hormones resulting in improvement of rhizospheric condition of soil, altering the physiological and biochemical properties of sweet basil.
Introduction
Ocimum basilicum L. (family: Lamiaceae) known as sweet basil, is an important annual herb cultivated all over the temperate regions. Basil is a rich source of phenolic, antioxidant compounds, flavonoids and essential oils. It has been traditionally used for the treatment of many ailments, such as headaches, coughs and diarrhea (Phippen and Simon 1998; Javanmardi et al. 2002) . The essential oils mainly found in leaves are volatile and mostly consisting of monoterpenes and sesquiterpenes are commonly utilized in the spice industry (Werker et al. 1993) .
Plants generally take nutrients from the soil by simply root soil interaction with the help of various microorganisms. The interaction between the roots of the plant and the soil microorganisms help plants to acquire necessary mineral nutrients from the soil (Prasad et al. 2012; Yadav et al. 2015) . Among the different macronutrients, Phosphorus (P) is the most frequent essential mineral occurs in immobilize form in the soil. In the past few decades, Arbuscular Mycorrhizal Fungi (AMF) has emerged as potential biofertilizers and environmentally friendly alternative to chemical fertilizers (Cagras et al. 2000) . Plants in association with AM fungi interact to perform the efficient solubilization of these mineral elements in the rhizosphere. During this process, the plant roots intercept with the fungal hyphae establishing a mutual symbiotic association between the roots of the plants and AMF which is very useful in exploration of the larger soil volume thereby making 'positionally unavailable' nutrients 'available' by increasing the surface area for absorption (Tinker and Gildon 1983) . On the other hand, the uncontrolled and indiscriminate use of chemical fertilizers causes adverse effects on soil health and environment also. PGPR (Plant Growth Promoting Rhizobacterium) are naturally occurring soil microorganisms that colonize roots and stimulate plant growth. Such bacteria are applied to a wide range of agricultural crops for the purpose of growth enhancement and yield (Raj et al. 2003) . Plant growth promotion in plants as a result of rhizobacterium soil inoculation may increase the production of growth hormones and solubilization of phosphates (Kloepper et al. 1993) .
Keeping in view of above information, the present study was carried out to assess the consequent effect of dominant AM fungi (Glomus mosseae and Acaulospora laevis) alone or in various combinations with P. fluorescens to find out the best combination having the maximum capability of increasing plant growth and oil content in basil plant.
Materials and Methods

Mass multiplication of bioinoculants
The two dominant AM species (Glomus mosseae and Acaulospora laevis) were isolated from the rhizospheric soil of Ocimum basilicum L. grown in Botanical Garden of Botany Department, Kurukshetra University by using Wet Sieving and Decanting Technique of Gerdemann and Nicolson (1963) and identified using the key of Schenck and Perez (1990) . The starter inoculum for each species were multiplied by "Funnel Technique" of Menge and Timmer (1982) -see also Sharma et al. (2017) . The AM species were multiplied with maize as host for three months. Pseudomonas fluorescens (MTCC NO. 103) was procured from Institute of Microbial Technology (IMTECH), Chandigarh, India and cultured in a Nutrient Broth Medium incubated at 32 °C for 48 hours to obtain a concentration of 1 × 10 9 colony forming units (cfu) ml −1 .
Experimental site and setup
The experiment was set up in the polyhouse, Botany Department, Kurukshetra University, Kurukshetra, Haryana during June to September, 2016. The soil used in the experiment consisted of Clay -3.78%, Silt -20.8%, Sand -74.5%, EC -0.26 dS/m, Organic Carbon -0.40%, total N -0.042%, P -7.30 kg −1 acre, K -88 kg −1 acre and S -14.80 ppm. The experiment was laid out in a randomized complete block design with five replicates per treatment. Top soil (0-30 cm) was collected and sieved through 2 mm sieve, mixed with sand, soil in the ratio 1:3 and sterilized in autoclave for 20 minutes at 121 °C at 15 psi. Earthen pots (25 × 25 cm) were selected having capacity of 2 kg soil. For AM treatment 10% (w/w) of soil of the selected AM inoculum having 845 AM spores approximately and 200g of soil having chopped AM colonized pieces of trapped host barley with the infection level of about 90-95% were added. Before sowing, the roots of the seedlings were dipped in the nutrient broth having P. fluorescence. The experiment was set up with the following treatments: 1) Control (C) 2) Glomus mosseae (G) 3) Acaulospora laevis (A) 4) Pseudomonas fluorescence (P) 5) Glomus mosseae + Acaulospora laevis (G + A) 6) Acaulospora laevis + Pseudomonas fluorescence (A + P) 7) Glomus mosseae + Pseudomonas fluorescence (G + P) 8) Glomus mosseae + Acaulospora laevis + Pseudomonas fluorescence (G + A + P) In the control set no inoculum was added. Plants were watered regularly to maintain humidity. Hoagland Nutrient solution without phosphorus (100 ml/pot) was added to each pot after regular interval of 20 days. Each treatment was replicated five times. After 120 days, five plants from each treatment were analyzed for the various morphological and physiological parameters.
Essential oil isolation
After the flowering, leaves and shoots of basil were harvested and essential oil was extracted by hydro distillation of one-liter water in a Clevenger apparatus for eight hours (Rasooli and Mirmostafa 2003) . The essential oil was collected and stored in glass vials prior to determination of chemical compounds.
Harvest and analysis
After 120 days, the plants were uprooted and analyzed for various morphological and physiological parameters. Shoot length (cm) were analyzed. Percentage root col-onization was assessed by Rapid Clearing and Staining Technique of Phillips and Hayman (1970) . AM spores were isolated by Wet Sieving and Decanting Technique of Gerdemann and Nicolson (1963) . Alkaline and acidic phosphatase of fresh roots was estimated by Tabatabai and Bremner (1969) . Shoot and root phosphorus were determined by vanado-molybdo-phosphoric acid yellow colour method (1973) . Total chlorophyll content was estimated by using Arnon's method (1949) using 80% acetone as solvent.
Statistical analysis
The experimental data was analyzed using analysis of Variance (ANOVA), followed by post hoc test using the Statistical package for Social Sciences (ver. 16). Means were then ranked at ≤ 0.05 level of significance using Duncan's Multiple Range Test (DMRT) for comparison.
Results and Discussion
Significant variation was observed in growth parameters and essential oil content as influenced by different bioinoculant treatments. Results showed that mycorrhizal plants showed significant increase in plant height, shoot and root fresh and dry weight, number of leaves, inflorescence length (Table 1) . After 120 days of inoculation highest mycorrhizal colonization and AM spore number was observed in A + G followed by G + A + P (Table 2 ). Plants inoculated with the different bioinoculants showed higher degree of phosphorus acquisition as compared to control ones (Table 3 ). Phosphorus content in non-mycorrhizal treatments was lower than that of mycorrhizal treatment. The higher nutrient uptake in mycorrhizal basil plants might be attributed to the combination of fungal external mycelia, which explore a large volume of soil and absorb more nutrients. It was also observed that mycorrhizal treated plants have better root architecture which helps the plants in better uptake of Phosphorus. The main explanation is that AMF developed an extra metrical mycelium, which increased the root phosphate absorbing sites by producing phosphatase enzyme (Bolan 1991) . The increase in root phosphorus activity in AM treated plants may be due to higher capacity of AMF hyphae to explore more soil volume beyond the depletion zone and thus triggering the P transport from soil to plant roots.
In the present investigation the effect of AM Fungi on the rhizospheric bacteria was caused by a direct interaction between the fungal mycelia of Glomus mosseae and the Pseudomonas fluorescens. The nutrient status of plant also influences root exudates composition (Lipton et al. 1987) , because of which the rhizospheric population of Pseudomonas fluorescens increases which in turn helps in the better absorption of nutrient by exploring phosphorus rich soil areas away from the root surface. In the present study, AM colonization to basil plant showed positive effect on the plant growth and it might have resulted in increased bacterial activity thereby absorbing more nutrients from the soil. Yadav et al. (2015) and Prasad et al. (2012) also noticed growth stimulation effects by using PGPR strains. This specificity appears to be related to different composition of rhizosphere exudates secreted by basil plant affecting the levels of colonization and subsequently the efficacy of the Pseudomonas fluorescens or to the specific compounds present in the exudates that may stimulate the synthesis of secondary metabolites in the bacteria used in the plant growth (Mishra et al. 2017) . Essential oils are volatile lipophilic mixture of compounds obtained from plants, mostly consisting of monoterpenes, phenyl propenoids and sesquiterpenes. The biosynthesis of essential oil depends upon the availability of phosphorus content in the plant. In the present investigation, it was found that the essential oil content significantly increased in mycorrhizal treated plant regardless of the AM fungal species. However, plants inoculated with Glomus mosseae showed significant increase in essential oil in comparison to Acaulospora laevis. There was relatively difference in the percent oil content in the leaves of different bioinoculant treated plants (Table 2) . Positive significant relationships were found in inoculated plants between essential oil percent and AM root colonization, AM spore number and biomass. The increases of essential oil content have been linked to greater plant biomass because of mycorrhization (Copetta et al. 2006) . When plant growth increases, more photosynthates especially chlorophyll content are produced resulting in higher allocation of fixed carbon source. G. mosseae is the most compatible strain found in the rhizosphere of basil plant because where ever G. mosseae is present whether alone or in combination with other bioinoculants the growth and essential oil contents were significantly higher. There are many processes that contribute to improved P acquisition by mycorrhizal plants. These include better root architecture for more absorption of nutrients and through solubilization of phosphorus by phosphatases. In our results, mycorrhizal treated plants showed more acidic and alkaline phosphate activity which may be due to increased exploration of soil particles by AM hyphae. Similar results were also reported for Coriandrum sativum by Kapoor et al. (2002) , for Citrus jambhiri by Nemec and Lund (1990) , for Mentha arvensis by Freitas et al. (2004) , Khaliq and Janardhan (1997) respectively. The increased essential oil production is result of the increased production of fresh shoot foliage (Subrahmanyam et al. 1992) . Moreover, Copetta et al. (2006) observed that Glomus rosea increased essential oil yield was associated with large number of peltate glandular trichomes in the leaves of Ocimum basilicum. They further suggested that the greater number of trichomes could be related to alterations in the phytohormonal profile induced by AM fungi.
Conclusions
The results of this study clearly reveal that the inoculation with AM fungi and other bioinoculants is more effective in increasing of growth, biochemical attributes and oil content of basil plant. This increase could be attributed to the increased surface area of roots, better water absorption, enhanced uptake of nutrients and secretion of some enzymes by inoculated microorganisms. G. mosseae is the most compatible strain found in the rhizosphere of basil plant because where ever G. mosseae is present whether alone or in combination with other bioinoculants the growth and essential oil contents were significantly higher. This combination can be tested further in the field conditions and can be recommended to farmers after proper confirmation.
